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A B S T R A C T
Rural communities in Africa are facing numerous challenges related to human health, agricultural production,
water scarcity and service delivery. Addressing such challenges requires eﬀective collective action and co-
ordination among stakeholders, which often prove diﬃcult to achieve. Against the background of the increased
availability of information and communication technologies (ICTs), this article synthesizes the lessons from six
case-studies reported in this Special Issue. The cases investigate the possible role of digital citizen science
platforms (labelled EVOCAs: Environmental Virtual Observatories for Connective Action) in overcoming the
challenges of integrating heterogeneous actors in collective management of common resources and/or the
provision of public goods. Inspired by the seminal work of Elinor Ostrom, our expectation was that such plat-
forms could help operationalize communication and information-related design principles and community
conditions that are known to enhance the capacity to address environmental challenges.
This article presents some cross-cutting insights and reﬂections regarding the nature of the challenges
identiﬁed by the diagnostic studies, and on the relevance and signiﬁcance of Ostrom’s framework and analysis. It
also reﬂects on the plausibility of our original ideas and assumptions by assessing what the various studies tell us
about the signiﬁcance and potential of key components of an EVOCA-type intervention: i.e. environmental
monitoring, ICT, connective action, citizen science and responsible design. At the same time, we draw lessons for
follow-up research and action in our research program and beyond by identifying several issues and themes that
merit further investigation.
Based on the case-studies, we conclude that many collective action challenges are of a more complex nature
than originally anticipated, and often cannot be resolved within clearly demarcated communities. While this
complicates the realization of Ostrom’s communication and information-related design principles and commu-
nity features, there may still be a meaningful role for digital citizen science platforms. To help address complex
challenges, they must be oriented towards fostering adaptive and systemic learning across interdependent sta-
keholder communities, rather than focusing on the self-betterment of the communities alone. Such digital
platforms need to be developed in a responsible manner that ensures complementarity with already existing
patterns of communication and ICT-use, that anticipates dynamics of trust and distrust among interdependent
stakeholders, and that prevents typical problems associated with the sharing of information such as privacy
infringement and undesirable control over information by outsiders.
1. Introduction
The social and bio-physical processes and dependencies that de-
termine the magnitude and spatiotemporal dynamics of complex agro-
ecological problems are under-researched in a number of settings
(Foran et al., 2014; Fischer et al., 2015). As the manuscripts in this
Special Issue almost univocally pronounced, we still lack comprehen-
sive longitudinal data on the dynamics of infectious plant diseases and
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vector-borne livestock infections, while projections on how climate
change is going to aﬀect water availability and farming conditions are
only available at the aggregate levels, having little relevance for small-
holder farmers (Levin et al., 2012; Berkes et al., 2003).
Perhaps even less is known in science and policy networks about the
way in which the communities dealing with these challenges interact
with their diﬃcult environments, and how this interaction determines
their livelihood options as well as regional food security (Gloede et al.,
2013). Yet, these everyday micro-decisions taken at the local levels are
going to determine whether the problems in question get tamed or
exacerbated beyond their current contexts (Ngaruiya and Scheﬀran,
2016).
The core underlying assumption of the interdisciplinary research
program Responsible life-sciences innovations for development in the
digital age: Environmental Virtual Observatories for Connective Action
(EVOCA) was that coordinated, ICT-enabled collective action can pro-
vide a successful strategy for a bottom-up community-level response. In
the Introductory paper of this Special Issue (Cieslik et al., 2018) we
have outlined the environmental challenges that arise from the inter-
action between human activity and bio-physical processes in our six
case-study settings: the management of common resources (water
scarcity in rice-irrigation systems in Ghana, pasture and water shortage
in Kenya); the management of common threats (crop disease epidemics
in Ethiopia and Rwanda, vector-transmission of malaria in Rwanda and
parasite-borne diseases in Kenya); and the provision of public goods
(extension and credit services for smallholders in Ghana). We argued
that addressing such challenges typically requires collective action and
coordination among stakeholders, and pointed to the relevance of
Ostrom’s (1990) work on community based governance of common
resources. Ostrom (2009) identiﬁed a number of design principles and
community features that inﬂuence whether or not communities succeed
in fostering eﬀective cooperation in managing the commons or creating
public goods, and several of these relate closely to information provi-
sion and communication capacity within communities (see also Poteete
et al., 2010). Ostrom’s research indicates that communication must be
practically feasible among all community members who are using or
producing a resource. Similarly, cooperation is more likely to emerge
when participants can monitor the extent to which users beneﬁt from
and contribute to a resource, and have access to information that helps
them to assess the reputation and behavior of others. Having reliable
information about the condition of the resource (based on regular en-
vironmental monitoring) is also found to contribute to cooperative
behavior. While such conditions need to be combined with e.g. re-
cognition of local users rights to govern, arrangements for conﬂict re-
solution and eﬀective community-based rules and sanctioning systems,
it is clear that availability of information and possibilities for pervasive
inter-user communication are of paramount importance for the eﬀec-
tive management and (re)production of common resources (Ostrom,
1990). In the context of the rapid expansion of mobile ICT use in
African countries, we proposed that digital platforms may enable the
operationalization of such design principles and community features in
new ways, and thus enhance the capacity to address environmental
challenges. Speciﬁcally, we assumed that digital platforms may have
the potential to:
1) enhance the feasibility of communication within communities that
use or produce a resource, and possibly change the boundaries of
eﬀective community formation;
2) improve information provision about the resource and its use(rs) by
facilitating and accelerating the data collection and data processing
that is part and parcel of community-based monitoring activities;
3) support the co-creation of relevant knowledge by making commu-
nity-based monitoring part and parcel of citizen science activities
that add value to available information (e.g. by fostering linkages
with science based models and other databases, or by enriching
interpretative discussion about the meaning and implications of
information);
4) strengthen the capacity of local communities to organize via con-
nective action, which constitutes a new form of collective mobili-
zation that is less reliant on formal organizational coordination.
The papers in this Special Issue present the ﬁndings of eleven di-
agnostic studies (Damtew et al., 2018; Tafesse et al., 2018; Nyamekye
et al., 2018; Nyadzi et al., 2018; Munthali et al., 2018; Agyekumhene
et al., 2018; Murindahabi et al., 2018; Asingizwe et al., 2018;
McCampbell et al., 2018; Chepkwony et al., 2018; Mutavi et al., 2018)
investigating the potential of virtual platforms for information accu-
mulation, processing and exchange (EVOCAs) to help the relevant sta-
keholders overcome the collective action challenges. To this end, in-
terdisciplinary teams were asked to unravel the bio-physical and social
dimensions of the problematic situations, assess how current practices
relate to information, interpretation, knowledge and connectivity, and
reﬂect on whether, where and how EVOCA type platforms could make a
diﬀerence. In addition, teams were encouraged to reﬂect on possible
pitfalls and on how an EVOCA design process could be organized in a
responsible manner.
In the closing paper of this Special Issue we take stock and reﬂect on
the plausibility of our ideas and assumptions and draw lessons for
follow up action and research. First, we present some cross-cutting in-
sights and reﬂections regarding the nature of the challenges at hand,
and on the relevance and signiﬁcance of Ostrom’s framework and
analysis. We then reﬂect on what the diagnostic studies tell us about
signiﬁcance and potential of key components of an EVOCA-type inter-
vention: i.e. environmental monitoring, ICT, connective action, citizen
science and responsible design. In doing so, we identify several issues
and themes that merit further investigation and attention in our action
research program and beyond.
2. The nature of the collective action challenges in the EVOCA
cases
Elinor Ostrom’s observations regarding common pool resources and
public goods are based on case-studies demonstrating that communities
may well be able to redress opportunistic behavior of users of or con-
tributors to a resource, thus preventing its over-use and degradation
(Ostrom et al., 1994). The six case studies in our research program all
represent complex problems that could potentially be addressed
through eﬀective collective action, but that have proven to be persis-
tent. In light of our ambitions, it is important to reﬂect on why this is
the case.
2.1. Limited recognition of the collective management challenge
Most of the diagnostic studies have managed to identify a range of
biophysical, technical, socio-cultural, economic, institutional and poli-
tical factors that play a role in reproducing the problem situation. In
Table 1, we select some factors from the diagnostic studies that seem to
aﬀect collaboration and implementation of management options.
One important common denominator that transpires from Table 1 is
the apparent lack of awareness of the collective nature of the respective
socio-environmental challenges: diﬀerent actors and stakeholder
groups tend to make uncoordinated, disconnected attempts that remain
largely ineﬀective. The authors conclude that the stakeholders do not
explicitly acknowledge that they are faced with a collective manage-
ment challenge, which contributes to the relative absence of commu-
nity-based initiatives. This is, for example, true for the potato diseases
(Damtew et al.,2018; Tafesse et al., 2018), banana wilt (McCampbell
et al., 2018), tick-borne diseases (Chepkwony et al., 2018; Mutavi et al.,
2018), and also for extension and credit provision (Munthali et al.,
2018; Agyekumhene et al., 2018). In relation to the tick control case,
we see forms of organization among pastoralists that do, however,
prioritize other issues, and we see in the water case that existing forms
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of collective management are government-led and oriented towards
distributing available water, rather than dealing with the scarcity itself.
In the malaria case there exist government induced community action
teams that promote preventive measures at household level (e.g. use of
bed nets), but are less focused on managing the broader ecological
environment (Murindahabi et al., 2018; Asingizwe et al., 2018). Ar-
guably, this situation relates not only to issues of knowledge and
awareness, but also to how responsibilities for dealing with the issues at
hand have evolved historically. In many of the cases we see that there
are authorities operating at higher levels than the community (e.g.
governmental bodies for public health, irrigation management, crop
protection or service delivery) that have a mandate to deal with the
problematic situation, and this may contribute to the phenomenon that
local communities do not assume a leading role in taking action. In
Ghana, for example, farmers are not likely to feel responsible for con-
tributing to extension provision as they simply regard this to be a
government responsibility, and in Rwanda the government seems to
play such a dominant role in governing the management of banana wilt
that there is little space left for communities to design their own rules.
While there may be very good reasons to have higher level authorities
overseeing challenges that exist in many communities (or that may
travel between them, such as in the case of diseases), the way in which
such institutions operate may also foster situations where the need or
possibility to address issues at the level of clearly bounded communities
becomes less self-evident (Shah, 2006).
2.2. ‘Public bads’ do not always require a public good response
A circumstance that may relate to the low degree of community-
based organization is that –accidentally- many of our cases center
around diseases. From the perspective of Ostrom’s classiﬁcation of
goods, one could say that the disease itself is neither a common pool
resource nor a public good. Arguably, it represents a ‘public bad’: a
negative phenomenon from which it is diﬃcult to exclude people, and
that does not diminish when people gain access to it. In such cases, the
potential public good is actually the opposite, namely the (preventive or
curative) community-based disease management strategy to which
people may contribute or not. However, our case studies suggest that
disease management cannot be automatically regarded as a public good
of which the creation is strongly dependent on eﬀective collective ac-
tion. In the case of banana wilt, for example, it is argued that single
diseased stem removal is a very eﬀective strategy that individuals can
apply to reduce damage in their farms, although it does not fully era-
dicate the disease (McCampbell et al., 2018). This reduces farmers
dependence on others, hence moving prevention away from a good that
can only be created through collective management. For bacterial wilt
in potato, it is clear that disease management has public good features
since combatting the disease can only be achieved through eﬀective
collaboration among farmers, while potato late blight is a disease that
rich farmers can eﬀectively manage by intensive spraying (turning
disease management in the direction of a private good), while poor
farmers depend on collective action (Damtew et al., 2018; Tafesse et al.,
2018). What we see here is that public good features of a disease
management strategy depend on speciﬁc agro-ecological features of the
disease, the available technological options and also on group or
community speciﬁc social conditions and resources. Relevant variables
may e.g. include the spreading mechanism, spreading radius, herd ef-
fects, tolerance of crops, persistence of the disease over time, the
Table 1
Status of community-based collaboration and key factors aﬀecting it.
Case-study Status of community-based collaboration and key factors aﬀecting it
Potato blight and bacterial wilt in Ethiopia
(Damtew et al., 2018; Tafesse et al., 2018)
Community-based organization around disease management is virtually absent, and aﬀected by:
- limited awareness among the farmers and other stakeholders of the collective nature of disease control actions;
- bacterial wilt not fully recognized as a tangible threat to potato yields for political reasons;
- poor coordination between authorities, stakeholders and communities regarding disease management.
Water scarcity in Ghana’s irrigated rice production
(Nyamekye et al., 2018; Nyadzi et al., 2018)
Some collaboration among farming communities around water management in the context of a
government-led irrigation scheme, aﬀected by:
- increasing pressure on the resource due to climate change and population increase;
- limited availability of reliable and actionable predictive information on water availability;
- lack of coordination regarding water actions (irrigation dynamics) among interested parties.
Malaria prevention in Rwanda
(Murindahabi et al.,2018; Asingizwe et al., 2018)
Government induced community action teams for malaria prevention exist, and are aﬀected by:
- limited awareness within communities about the potential for collective management of the ecological
environment in reducing mosquito densities;
- competing demands between irrigated rice production and malaria prevention;
- existing strategies (insecticides, bed nets) have become less eﬀective due to adaptation of mosquito behavior,
climate change and logistic challenges;
- seriousness of the problem may be downplayed for political reasons.
Tick-borne diseases and livestock-wildlife management in
Kenya
(Chepkwony et al., 2018; Mutavi et al., 2018)
Community-based organization around tick management is virtually absent, and aﬀected by:
- land-use conﬂict between pastoralists and ranchers complicates eﬀective collaboration;
- tick-management is not regarded as a priority problem by pastoralists;
- credibility of solutions proposed by authorities is low;
- lack of communication spaces (platforms, channels) for inter-stakeholder consultations and negotiations.
Delivery of credit and extension services to smallholders in
Ghana
(Munthali et al., 2018; Agyekumhene et al., 2018)
Communities do not organize themselves around the provision of extension or credit services, while service
delivery is aﬀected by:
- absence of ﬁnancial mechanisms contributing to the maintenance of public and private extension provision (ICT
and non-ICT);
- limited collaboration among public and private information providers, resulting in duplication of eﬀort;
- poor functioning of credit groups due to defecting group members;
- disagreement on who should pay for collection of information that can enhance trust between credit providers and
farmers;
- no eﬀective sanctioning system for farmers who cheat on credit providers.
Banana wilt in Rwanda (McCampbell et al., 2018) Community-based organization around disease management is virtually absent, and aﬀected by:
- top-down extension and policy environment prevents incorporation of farmer and community perspectives;
- existing (government-enforced) disease control options are not feasible for the farmers and perceived as
ineﬀective;
- the existing wilt control and prevention program incentivizes the stakeholders (both farmers and government
oﬃcials) to withhold information on disease spread;
- non-availability of early warning information.
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eﬃcacy of preventive or curative measures, and on whether access to
these depends on market relations or not.
All this simultaneously implies that whether or not a disease man-
agement strategy has (or may be recognized as having) public good
features is also dependent on the knowledge and understanding that is
available among scientists and/or societal stakeholders. It is, for ex-
ample, important that the causal pathogen, its life cycle, its ecology and
the resulting symptoms are known. In other words: depending on the
knowledge and information people have about pathogens, vectors,
diseases and possible solutions, they may perceive a high or low social
interdependence (i.e. a need for collective action) in disease manage-
ment. Moreover, even though the disease management strategy might
be a ‘public good’ from a scientists’ perspective, the farmers might not
perceive it as such. See for example the case of bacterial wilt in potato
in Ethiopia, where farmers and other stakeholders appear to have
limited understanding of the disease.
In view of the above, the relevance and signiﬁcance of Ostrom’s
design principles and features of micro situations are also bound to
depend on such agro-ecological and technical characteristics. When the
disease travels fast (e.g. certain insects, infested seed tubers) and far
(e.g. spores of late blight; infested seed tubers of potato), disease
management is not merely a local aﬀair. This means that the required
face-to-face interaction is not always feasible. Similarly, reputations are
often not known for farmers at longer distance.
2.3. Acknowledging greater complexity
The insights referred to above suggest that several of the problem
situations that we are dealing with have a greater level of complexity
than can be resolved through community-based management. In the
literature, the level of complexity of a challenge is usually deﬁned along
two axes (e.g. Jasanoﬀ, 1990; Funtowicz and Ravetz, 1993;
Hisschemoller and Hoppe, 1996): (a) the extent to which parties in-
volved agree on problem deﬁnitions and goals to be achieved (with
more disagreement implying higher complexity), and (b) the extent to
which there exists uncertainty about how the system at hand functions
and may be inﬂuenced (with higher uncertainty implying more com-
plexity). Recently, Arkesteijn et al. (2015) have added a third dimen-
sion: the degree of stability in the problematic context, as related to e.g.
path dependencies created by earlier choices, the strength of dominant
coalitions and interest groups and/or the malleability of bio-physical
environments (with higher stability adding to complexity). From our
previous discussions (see also Table 1), it transpires already that several
of the cases are aﬀected by factors that point towards a higher degree of
complexity, such as conﬂicts among stakeholders, limited under-
standing of diseases and rigidity in political systems. In Table 2 we
synthesize more in detail how the cases may be characterized in terms
of their level of complexity.
As can be noted from Table 2, most of the cases in the EVOCA
program can be seen to have a fairly high level of complexity, whereby
it is striking that especially the level of stability in the system seems to
be a complicating factor. In addition, we see that uncertainty seems to
be high in only two of the cases, and that even when there is agreement
on the existence of a problem, there is still considerable disagreement
on how to respond, despite the availability of considerable knowledge.
Such disagreement then seems to relate to issues like who is (politically)
responsible or to blame, and/or what means and strategies should be
employed by whom. In several cases (e.g. potato diseases in Ethiopia,
malaria and banana wilt in Rwanda, see also Table 1) we see that local
or higher level oﬃcials have interest to hide information about the
problem for political reasons, thereby shifting the risk and responsi-
bility to farming communities who clearly cannot resolve the issue on
their own. Such communities, in turn, blame authorities or other sta-
keholders for not taking suﬃcient action, or for taking measures that
are not realistic. Under these kinds of high complexity conditions, it is
questionable whether the environmental challenges can be addressed
through community-based action in similar ways as documented by
Ostrom. In most of our cases, the relevant community boundaries are
not self-evident and the roles and responsibilities between diﬀerent
governance levels are contested or undeﬁned. Similarly, this greater
level of complexity may complicate the operationalization of Ostrom’s
design principles in situations where these are not yet established and
where there is no tradition yet to organize collective action in response
to the particular challenge (e.g. in all cases related to plant diseases and
service delivery). Fostering clear boundaries and agreed upon rules is
likely to be diﬃcult, and the feasibility of collecting relevant and
credible monitoring information may be reduced. And even if more
information were available, such information might again be shielded
oﬀ for political reasons and/or become part of further contestation
about the implications of the information for whom should act and
how. In all, we see that the environmental challenges we are dealing
with tend to be complex and persistent, which implies that they are
unlikely to be resolved with a targeted intervention (Brown et al., 2012;
Norton, 2012).
In the next section we will reﬂect on the implication of these in-
sights for the idea that EVOCAs may play a role in addressing collective
action challenges in our case-studies, focusing on both: the potential of
participatory monitoring and citizens science and the increased con-
nectivity function (connective action).
3. The role of EVOCAs in addressing complex challenges:
observations and themes for further investigation
As we argued in the previous section, the authors in this Special
Issue unravel the case studies as particularly complex, embedded, socio-
environmental problems. Importantly, it is often their social com-
plexity, rather than their technical complexity, that makes complex
problems so hard to address. Conklin (2006) notes that complex pro-
blems cannot be addressed using the traditional linear modes of pro-
blem solving, shifting the focus towards continuous monitoring, adap-
tation and learning, and a long-term horizon. Moore (2010) argues that
creating a shared understanding between the stakeholders about the
problem, and shared commitment to the possible solutions, is the ﬁrst
step in designing a response or resolution strategy. This implies that
issues pertaining to knowledge and information remain important, even
if we cannot expect these to provide unequivocal answers and direc-
tions. Indeed, the contributions to this Special Issue indicate that there
are a number of information gaps that may hamper the eﬀorts to suc-
cessfully manage complex socio-environmental problems, including
insuﬃcient data, inconsistent metrics, lack of predictive models, and
the absence of real-time monitoring systems (Bates and Scarlett, 2013;
Jerven, 2013). While increasing numbers of stakeholders – from gov-
ernments and large development organizations through research cen-
ters and private companies to local and national agricultural extension
centers – engage in data collection, their activities are mostly un-
coordinated and the resulting data often remain underutilized, and it is
far from self-evident that such metrics translate into usable, actionable
knowledge for stakeholders operating at various levels, including – in
our cases – farmers and herders.
This makes it pertinent to reﬂect on the process of acquiring the
data, evidence and knowledge within their contexts of application. In
connection with this, we organize our analysis and discussion along
three lines: considerations regarding the signiﬁcance of environmental
monitoring (the E and O components of EVOCAs) in providing relevant
information for dealing with the issues at hand, the plausibility that ICT
may have added value in generating such information (the V compo-
nent of EVOCAs), and the relevance of the idea of ‘connective action’ in
the various contexts (the C and A components of EVOCAs). We then
carefully examine the respective diagnostic studies from the point of
view of citizen science, and reﬂect on how ideas regarding responsible
innovation are applied in the various cases. In relation to each topic, we
reﬂect on relevant lines for future research.
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3.1. The signiﬁcance of environmental monitoring: broadening the scope
Diversity in meaning and timing – In all cases, we see that there is an
expectation that collecting information about the environment from
various sources (including citizens) may help to generate new in-
formation that was not previously available, and which may usefully
enrich or be combined with scientiﬁc understandings or models (e.g.
about disease risk), or with information from other sources and/or scale
levels (e.g. weather forecasts). At the same time, it is interesting to note
that what is considered relevant environmental information diverges
considerably. In some cases, the emphasis is on collecting ecological
information such as tick or mosquito densities (Murindahabi et al.,
2018; Asingizwe et al., 2018; Chepkwony et al., 2018), while in others
the emphasis is on collecting local knowledge such as the status of in-
digenous predictors for rainfall (Nyamekye et al., 2018; Nyadzi et al.,
2018) or on incorporating pastoralist’s knowledge on how proposed
measures for tick control may be adapted to local socio-economic
conditions (Mutavi et al., 2018). In the case of service delivery, the
emphasis is on capturing relevant human characteristics and practices,
for example past performance of farmers in terms of agricultural pro-
ductivity or credit repayment (Munthali et al., 2018; Agyekumhene
et al., 2018). In few cases, we see that a combination or integration of
both ecological and social information monitoring – as suggested by
Ostrom (2009) – is proposed. An exception is the potato case that
proposes to not only collect information about disease occurrence and
agro-ecological conditions, but also on adherence of farmers to agreed-
upon preventive practices as part of a control system (Ostrom, 2009).
This simultaneously implies a diﬀerence in the decision-making stage
that is being addressed. In most cases we see that environmental
monitoring serves to foster collective awareness and learning (e.g.
through visualization of geo-referenced ‘early warning’ data) to inform
future courses of action, while the potato case also proposes to use
monitoring as a way of evaluating whether preventive or curative
actions are taken by community members. At the same time, while
Ostrom argued in favour of locally legitimized rules, the complex pro-
blems exempliﬁed by the cases might require more multi-level and
adaptive institutional arrangements.
Notably, the link we have forged between the idea of Environmental
Virtual Observatories (EVOs, see Karpouzoglou et al., 2015) and en-
vironmental and social monitoring as proposed by Ostrom (1990) is
original, and extends beyond the roles of EVOs discussed in literature so
far (Karpouzoglou et al., 2015). Future research will have to demon-
strate whether this is indeed a worthwhile conceptual and practical
endeavor. As part of this, it will be interesting to assess the value of
diﬀerent types, forms and purposes of environmental monitoring in
diﬀerent settings, including whether these involve commons, public
goods and/or public bads. Do we see diﬀerent patterns depending on
whether monitoring serves awareness raising versus the control of
community agreements? Does it matter whether monitoring informs (or
is informed by) formal scientiﬁc knowledge and understanding (or
‘techne’) or whether it aims to capture localized practical skills and
experiential intelligence (or ‘metis’) (Scott, 1998; Mutavi et al., 2018)?
Another critically important question that is so far largely overlooked in
our case-studies (and beyond) is how the design of environmental
monitoring systems may usefully intertwine with the design of rules
and sanctioning systems that are binding and eﬀective in fostering
collective action, but also ﬂexible enough to adapt to changing condi-
tions? This links and adds a dimension to a broader discussion on what
might motivate and incentivize people to collect and share data in the
ﬁrst place, and how this might vary across situations and cultures (see
Beza et al., 2017). When monitoring becomes part and parcel of agreed
upon community-based governance systems, data collection may ac-
tually become a regulated and compulsory activity.
A need for greater precision and ‘informational validation experiments’?
– While all authors have positive expectations about the potential of
environmental monitoring in their case-studies, it is not always clear
Table 2
Crude characterization of the cases in terms of levels of complexity.
Case study Level of agreement on goals Level of uncertainty Level of stability
Potato blight and bacterial wilt in
Ethiopia
(Damtew et al., 2018; Tafesse
et al., 2018)
Medium
- Diseases are seen as a problem, but there is no
agreement on who is responsible and/or who should
take the lead.
High
- Very limited understanding, especially
of ways to control bacterial wilt.
High
- Inertia due to limited recognition of
interdependencies among stakeholders, and
absence of leadership.
- Poverty continues to prevent eﬀective
curative spraying against late blight.
Water scarcity in Ghana’s
irrigated rice production
(Nyamekye et al., 2018;
Nyadzi et al., 2018)
Medium
- Communities and farmers have competing interests
regarding distribution of available water.
High
- High uncertainty about water
availability.
- Limited understanding of the
congruence between indigenous and
scientiﬁc knowledge.
High
- Available water distribution
infrastructures are inﬂexible.
- Poverty prevents investment in better
infrastructures.
Malaria prevention in Rwanda
(Murindahabi et al., 2018;
Asingizwe et al., 2018
Medium
- Competing interests between rice farming and
malaria prevention.
- Oﬃcials have an interests to downplay the problem
to avoid being blamed.
Low
- There is considerable knowledge on
how to prevent and cure malaria
(although there remain gaps).
High
- Bio-physical infrastructures (irrigation,
houses, etc.) maintain ecological conditions
suitable to malaria.
- Poverty prevents investment in more
protective infrastructures.
Tick-borne diseases and livestock-
wildlife management in
Kenya
(Chepkwony et al., 2018;
Mutavi et al., 2018)
High
- Serious land-use conﬂict among pastoralists and
ranchers.
- No agreement that tick management is a priority
issue.
Low
- There is considerable knowledge on
how to prevent tick-borne diseases.
High
- Prevailing land-tenure conditions and
historical path dependencies make it
diﬃcult to address land-use conﬂicts.
Delivery of credit and extension
services to smallholders in
Ghana
(Munthali et al., 2018;
Agyekumhene et al., 2018
Medium
- There is agreement that pro-poor extension and
credit serve the public interest, but no agreement on
how and by whom this should be funded, and on
who should take the lead in this.
Low
- In principle there exist clear models
on how to enhance trust in credits
systems and/or how to fund extension.
High
- Poverty, poor literacy and dominant
organizational set-ups make it diﬃcult to
implement available models.
Banana wilt in Rwanda
(McCampbell et al., 2018)
Medium
- There is agreement on the need to combat banana
wilt, but not on the desirable strategy.
Low
- There is considerable knowledge on
how to eﬀectively reduce banana wilt
to acceptable levels.
Medium
- Prevailing political culture makes it
diﬃcult to formally endorse single diseased
stem removal.
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yet what kind of information is to be collected exactly, and what and
whose decisions are to be informed by the resulting insights to alter the
dynamics in the complex problem context. What information about
bacterial wilt in potato or banana may be decisive in altering stake-
holder’s views and intentions? And how could or should enhanced in-
formation on likely rainfall patterns inform and alter water distribution
decisions of irrigation authorities, cropping patterns of farmers, or ad-
visory communication by extension agents? What and whose actions
are likely to be most inﬂuential in addressing malaria prevalence or
human-wildlife conﬂict, and what monitoring information might be
essential for these actors? On what social and/or institutional in-
formation do credit providers base their current decisions, and what
information might lead them to transform their practices? So far, it is
mostly assumed that having better information will somehow help
several parties involved to operate more eﬀectively, but such expecta-
tions are not yet truly validated. This is still an insuﬃcient basis for
making design choices about the technical, informational and social
dimensions of an environmental monitoring system.
In view of the above, an important question is how we may move
ahead with our research to arrive at better grounded and more targeted
design priorities before making further investments. One option may be
to use small choice experiments or games in which stakeholders are
oﬀered speciﬁc information in a speciﬁc form and in a speciﬁc (hy-
pothetical or real) situation, and to evaluate with stakeholders how this
does or may inﬂuence key decisions and (inter)actions (Harrison and
List, 2004). In this way, the likely eﬃcacy and consequences of dif-
ferent options for information collection and presentation may be ex-
plored and discussed as a basis for further decision-making on EVOCA
design. An advantage of such choice experiments is that PhD re-
searchers and EVOCA designers can generate faster feedback on options
than would be possible if they would follow only the real-life rhythms
of agricultural growing seasons and/or the ecological cycles of pests
and diseases. Clearly, responses in hypothetical settings or games may
meaningfully diﬀer from actual behaviors in real settings, but at the
same time it may be a practical way forward within the relatively short
time horizon of a PhD project. Moreover, such choice experiments
could be designed and evaluated together with stakeholders, and be
used to foster in-depth discussion that informs both research and col-
laborative decision-making about EVOCA design.
3.2. The added value of ICT
A continued need for/signiﬁcance of conventional media – We signaled
in the previous section that the precise informational characteristics of
environmental monitoring systems are yet to be clariﬁed in most cases.
This also holds for the choice of media and ICT platforms that may be
part of an EVOCA. In most articles in this Special Issue, it is assumed
that mobile platforms (especially phones) have added value in the
process of data collection, and it is also clear that for such purposes
options based on text messages still have a far greater reach in the short
term than internet services, since the latter are by no means commonly
accessible for farmers and other citizens. While the added value of ICT
in collecting data may be plausible, it is far less clear whether ICTs have
added value when it comes to the presentation and communication of
ﬁndings from data analysis, and for fostering interpretative discussion
and exchange to arrive at conclusions. Very few articles address this
question, but implicitly for most cases in this Special Issue it is assumed
that their EVOCA will need to include conventional forms of commu-
nication and exchange in the form of community meetings (Damtew
et al., 2018; Tafesse et al., 2018; Murindahabi et al., 2018; Asingizwe
et al., 2018), group activities (Damtew et al., 2018; Tafesse et al., 2018;
McCampbell et al., 2018), multi-stakeholder platforms (Damtew et al.,
2018; Tafesse et al., 2018; Nyamekye et al., 2018; Nyadzi et al., 2018),
conﬂict resolution strategies (Chepkwony et al., 2018; Mutavi et al.,
2018), face-to-face extension visits and/or radio broadcasting
(Munthali et al., 2018). It is relevant to note that such conventional
spaces for interaction are likely to be more suitable for the kind of in-
terpretative discussion and dialogue that is needed in complex multi-
stakeholder problem situations. Hence, it is clear that ICT cannot stand
on its own and will have to be combined with a broader package of
media and methods. This conclusion also arises from the only case
study where ICT platforms have already been introduced in the ﬁeld
(i.e. tailor-made service delivery in Ghana, Munthali et al., 2018). The
use of these platforms appears to be aﬀected by a range of technical and
institutional challenges, while pre-existing networks, communication
patterns and media appear to have strengths that are not easily matched
by ICT applications (Munthali et al., 2018). This latter ﬁnding is con-
gruent with conclusions derived from similar studies, demonstrating
that traditional forms of communication remain essential in settings
were modern ICT are used (Sulaiman et al., 2012; Dehnen-Schmutz
et al., 2016). More in general, communication scientists suggest that old
media (e.g. newspapers or radio) do not disappear when new media
application have been developed, but rather that they take on new or
more speciﬁc functions (Jenkins, 2006).
In all we see that it would be a mistake to only consider mobile ICT
platforms as useful components of an EVOCA; such platforms should
rather be embedded in and combined with traditional media. In line
with studies indicating that ‘virtual’ and ‘non-virtual’ forms of inter-
action in communities may mutually re-inforce each other (Materia
et al., 2015), future research could focus on how conducive task divi-
sions and mixes between ‘old’ and ‘new’ media may be achieved as
components of EVOCAs or EVOs (Karpouzoglou et al., 2015). At the
same time, research may be oriented to analyzing the public and/or
private governance arrangements that underpin the implementation of
both conventional media and ICT platforms, and the extent to which
these hinder or support conducive articulation between media combi-
nations.
What about actual and everyday uses of mobile ICT? – The papers in
this Special Issue reﬂect that most case-studies engage with ICT from
the perspective of ‘how can new ICT opportunities be used to address
complex challenges?’. Essentially, this has connotations of a technology
push approach, where relative outsiders think about introducing
something new to help overcome perceived problems. Given the nature
of the EVOCA program and the speciﬁc set-up of our diagnostic studies
(Cieslik et al., 2018) this may be understandable or even partially un-
avoidable, but this should not prevent us from trying to avoid the well-
known risks of technology push, such as insuﬃcient attention to ex-
isting practices, user contexts and purposes. Given that mobile tech-
nologies (especially mobile phones) have already spread considerably,
a relevant question would also be ‘how and why are new ICTs (and for
that matter conventional media) already used in the context of complex
challenges?’. This question received relatively little explicit attention in
the diagnostic studies, with the exception of the tick-borne diseases case
(Chepkwony et al., 2018) and to some degree the tailor-made service
delivery case (Munthali et al., 2018). Yet, there are indications that
exploring this might yield relevant information. The latter case, for
example, revealed that there is quite some use of mobile ICTs besides
formally introduced applications and platforms. Farmers and extension
agents frequently contact each other by phone, as do agents and traders
(Munthali et al., 2018; Agyekumhene et al., 2018). Moreover, extension
agents interact amongst themselves and with researchers through
Whatsapp groups (Munthali et al., 2018). Similarly, the case on tick-
borne diseases suggests that pastoral herders make intensive use of
mobile phones, and coordinate a number of activities (including
grazing, disease control and land invasions) through such media
(Chepkwony et al., 2018; Mutavi et al., 2018 ; see also De Bruijn et al.,
2016). Thus, rather than assuming that something new needs to be
introduced, we may learn a lot from how and why people have already
integrated novel ICTs in their communication with others, and from
whether or not they experience added value from this.
Directing future research towards a more in-depth understanding of
the logic of such existing patterns of communication and information
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exchange is in line with a more anthropological approach to studying
everyday ICT-use (De Bruijn and Van Dijk, 2012; Brinkman et al.,
2017). Such in-depth studies may provide further insight in the com-
plex problem context and help to further target and specify where op-
portunities lie for complementary EVOCA-like platforms. If, for ex-
ample, it would appear that traders or aggregators provide working
capital and credit to farmers based on the personal judgement of ex-
perienced agents, it may be less important to invest resources in the
systematic collection of data on the past performance of farmers
(Munthali et al., 2018; Agyekumhene et al., 2018). And if pastoral
herders and ranch managers indicate that they can coordinate tick-
borne disease management through regular mobile phone contact, and
rank insecurity and human-wildlife conﬂict as more pertinent and less
controllable problems than tick-borne diseases, then we should indeed
wonder whether tick-borne diseases are indeed the right entry point for
an EVOCA-type intervention (Chepkwony et al., 2018; Mutavi et al.,
2018). Thus, such in-depth studies of existing communication patterns
and contents may also serve to reconsider taken-for-granted assump-
tions regarding the desirable features of ICT platforms. As access to
social media increases in African countries, such studies may usefully
include analysis of social media contents and networks to gain insight
in diverging views and coalitions around these (Stevens et al., 2016).
3.3. From connective action to connectivity
As is elaborated in the introductory chapter of this Special Issue, the
notion of connective action was introduced by Bennett and Segerberg
(2012) to refer to a novel mode of organizing through the sharing of
personal expressions and action frames in especially social media net-
works, as experienced in e.g. the Arab Spring. We recognized from the
outset that there could be obstacles to such a dynamic in the kinds of
settings we are dealing with (i.e. externally induced citizen science
initiatives and low internet access and digital literacy), and indeed
these obstacles were encountered. In fact, none of the cases considers
social media and personalized action frames to be a signiﬁcant com-
ponent of their EVOCA as yet. This is likely to be related to the current
media landscape in rural communities where social media do not yet
play an important role, except perhaps in the Kenyan case-study where
rural youth and chiefs were reported to link up with political action
networks about a conservation and human-wildlife conﬂict through
Whatsapp (Chepkwony et al., 2018; Mutavi et al., 2018). The modest
attention to social media may also be fostered by our in-built emphasis
on environmental monitoring and citizen science that may have drawn
the attention towards ‘data’ rather than personalized content. Never-
theless, interesting forms of social media use where also identiﬁed
among researchers and extensionists in Ghana (Munthali et al., 2018),
which could be interpreted as a new way of organizing and mobilizing
against pests and diseases within professional networks. Further ana-
lysis will have to reveal to what extent features of organizationally-
enabled connective action are indeed present and/or emerging. Not-
withstanding the speciﬁc examples from Kenya and Ghana, it is perti-
nent to conclude that our case-study interventions are not likely to
foster ‘connective action’ as described by Bennett and Segerberg (2012),
but rather build on enhanced connectivity for purposes of environ-
mental monitoring and/or citizen science. While this is expected to
result in engagement and action (Murindahabi et al., 2018; Asingizwe
et al., 2018; Nyamekye et al., 2018; Nyadzi et al., 2018; Damtew et al.,
2018; Tafesse et al., 2018), this seems to be more directed towards
more conventional forms of collective and community action. Yet,
given the speed with which mobile internet and smartphones are
gaining ground, the signiﬁcance of the notion of connective action may
be meaningfully greater in 10 years’ time.
Even though true ‘connective action’ is not likely to play a role in
our cases, it remains relevant and important to further test the novel
idea that ICT enhanced connectivity and communication capacity of
groups can help to increase the individual members’ likelihood to
contribute to a collective goal (see Ostrom, 2009). In doing so, it would
be interesting to contrast situations where the contribution serves to
realize a collective long term gain (i.e. the creation of a public good or
the maintenance of a common pool resource) with situations where
cooperation serves to avoid a collective loss (i.e. the control of ‘public
bads’). Such comparative research may build on the research ap-
proaches already adopted in the various case studies, but - as suggested
earlier in relation to the need to further validate what is relevant in-
formation for whom - this future research line might also beneﬁt from
using games or ‘lab-in-the-ﬁeld’ experiments similar to those conducted
by e.g. Milinski et al. (2008). In such a game, groups of respondents
could be asked to respond to collective environmental challenges
during several consecutive rounds, where by the members of the
treatment group (in contrast to the control group) are provided with
phone credit and a list of their group members’ telephone numbers to
facilitate communication. What we would hope to observe is that the
respondents who received call credit and phone numbers would call
each other (connect) in between the subsequent rounds of the game and
probe other group members for their planned behavior, establish per-
sonal bonds and/or develop a collective identity, or prevent free-riding
behavior (if observed) via negotiation. Thus, they would be more likely
to contribute to the collective target and not to free-ride on others than
the control group for whom communication and connectivity would be
less easy and more costly. Of course, game protocols and scenarios
should be tailored to the speciﬁc features of our cases, which together
oﬀer considerable potential to compare e.g. public good and public bad
situations.
3.4. The promise of citizen science: beneﬁts to research and society in
addressing complex challenges
Most contributions to this Special Issue acknowledge the value of
linking environmental monitoring with forms of citizen science. In
majority of cases, they see it as a way to support the co-creation of
relevant, context-speciﬁc knowledge to address the complex problems
exempliﬁed by the cases. The authors agree that the combination of
longitudinal design and large numbers of observers – the key strengths
of citizen science-based approaches – creates opportunities for ecolo-
gical and agricultural research, improving data availability (increased
sample sizes) and quality (real-time, GIS-referenced). For example,
Asingizwe et al. (2018) describes how a community-based mosquito
surveillance system might improve the quality of data on the ecology of
vector-carrying mosquitos and Chepkwony et al. (2018) argue that ICT-
enabled real-time wildlife/livestock conﬂict monitoring may increase
the accuracy and reliability of incidence reporting and response.
Apart from beneﬁts to research, the authors in this Special Issue
suggest that citizen science may oﬀer new ways of sensitizing the sta-
keholders to particular environmental issues (beneﬁts to society, see
Loss et al., 2015). Building on the assumption that participation in
scientiﬁc research facilitates engagement and learning, citizen science
provides new tools to generate and uphold public interest in matters of
collective importance. As pointed out by Murindahabi et al. (2018),
such projects can realize signiﬁcant social outreach, such as raising the
collective awareness of malaria prevalence and prevention measures.
Tafesse et al. (2018) and McCampbell et al. (2018) also argue that by
combining research with public education, citizen science may help
achieve broader societal impacts. Apart from informing the stake-
holders about the cutting-edge developments in plant science such an
approach is likely to result in more meaningful, locally actionable re-
search, including eﬀective ways of containing the epidemics. Similarly,
the articles on agriculture and water management in Ghana (Nyadzi
et al., 2018; Nyamekye et al., 2018) make plausible that community-
based monitoring maybe usefully connected to science-based models
and databases with hydro-climatic data.
Our earlier observation that the environmental challenges that we
are dealing with are characterized by a higher level of complexity than
C. Leeuwis et al. NJAS - Wageningen Journal of Life Sciences xxx (xxxx) xxx–xxx
7
initially anticipated, further underpins our expectation that combining
community-based environmental monitoring with citizen science ap-
proaches may be beneﬁcial (see also Jalbert and Kinchy, 2016). This is
because these approaches can help to place community level informa-
tion in a broader context, both in terms of time and space, and can serve
to enhance the credibility of locally generated information and insight
in wider stakeholder networks. However, this collective, systemic
learning capacity of the citizen science projects (Bela et al., 2016) re-
mains relatively unexplored by the cases. Destined to last for extended
periods of time, citizen science projects are often cyclical (i.e. annually
or seasonally repeated); therefore, they allow for continuous revising of
the relevance of the outputs achieved and the usability of the in-
formation generated (Fig. 1). As such, citizen science allows to move
away from a linear model (problem – research – solution) and towards
an iterative cycle that accommodates integration of various feedbacks
and responses (Armitage et al., 2008). After each cycle of data collec-
tion, analysis and communication, the project assumptions get to be re-
evaluated from the point of view of both science (reliability, accuracy,
originality) and society (usability, legitimacy, relevance) (Bela et al.,
2016). Considering the unstable, evolving nature of the complex pro-
blems identiﬁed by the cases, each new cycle of citizen science brings
up the opportunity to reassess the research question and desired outputs
for maximized scientiﬁc and local relevance. As such, citizen science
projects go beyond the planned acquisition and processing of data, fo-
cusing instead on incremental learning, ﬂexibility and adaptation. This
learning occurs at diﬀerent scales or levels of the system, including the
scientists themselves, but also the citizens, knowledge communities,
organizations and institutions. As mentioned, these features are likely
to make citizen science approaches especially relevant to the kinds of
complex social and ecological challenges that we are dealing with.
Importantly, each one of the stages of the citizen science cycle may
entail diﬀerent forms and degrees of citizen engagement, depending on
a range of contextual conditions, including the research questions asked
and the attitudes of researchers. In Table 3, we distinguish between
diﬀerent forms of citizen engagement proposed in our case-studies,
mapping it against the citizen science project classiﬁcation of Muki
Haklay (2013).
Thus, we see that the contributors to this Special Issue position and
conceptualize citizen science in meaningfully diﬀerent ways. Taking the
form of participatory community-based environmental monitoring,
data collection is recognized as an eﬃcient strategy of achieving both
research objectives (e.g. new knowledge on tick ecology, Chepkwony
et al. (2018)) and societal objectives (e.g. validating local knowledges,
Nyadzi et al. (2018)) of the project. Engaging the citizens in the third
stage (information, communication and dissemination) of the research
cycle is also mentioned, with particular focus on informal networks
(Munthali et al., 2018) and non-hierarchical information ﬂow (Damtew
et al., 2018). At the same time, the authors rarely touch upon engaging
the citizens in the data analysis and interpretation stage, which is a
weakness when the purpose is to foster systemic learning in complex
settings.
In relation to the above, and along with Bela et al. (2016), we feel
that future action research eﬀorts in our program and beyond should
become more oriented towards mobilizing citizen science to support
systemic rather than only community-based learning, which implies
broader and greater stakeholder involvement in interpretative
Fig. 1. Three stages in a citizen science cycle supporting collective and systemic learning for the collective management of agro- and eco-systems.
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discussion and exchange. As part of this, we may evaluate how diﬀerent
operationalizations of citizen science interact with contextual features,
and shape learning processes and outcomes among interdependent
stakeholders. While stakeholders may depend on each other in diﬀerent
ways, it is clear that the emergence of a certain degree of mutual trust is
decisive for successful collaboration and collective action in stake-
holder networks (De Vries et al., 2015). In the context of our project, it
becomes therefore relevant to investigate how and when data collected,
interpreted and shared through citizen science approaches are linked
with dynamics of trust among stakeholders. How do initial conditions in
terms of trust shape processes of data collection, data analysis and
sharing, and vice versa? When and why do diﬀerent stakeholders (e.g.
community members, scientists and policy makers) trust or distrust the
information generated through citizen science approaches? And how
are such dynamics inﬂuenced by the nature of interdependencies
among stakeholders or the approach to citizen science adopted? Such
interactional questions about the relations between citizen science and
trust formation go beyond the more classical –but still very relevant-
question of whether or not data collected through citizen science ap-
proaches yield accurate and valid information (Steinke et al., 2017). In
the context of participatory crop variety selection, Steinke et al. (2017)
suggest indeed that low reliability of individual data points can be
compensated by high numbers of observers, thus demonstrating use-
fulness of the ‘Wisdom of Crowds’ principle in agricultural research. It
would be important to study if and how the availability or non-avail-
ability of such statistically robust studies inﬂuences systemic learning
and policy change in our EVOCA cases and beyond.
3.5. Reﬂections on responsibility
The introductory paper to this Special Issue (Cieslik et al., 2018)
warns for a naive optimism about EVOCA-type platforms, and indicates
that novel ICT-uses may give rise to new forms of exclusion, inequality
and power struggle, or that institutional environments may not be
conducive to developing and maintaining citizen science applications.
In order to foster greater recognition for such issues, the introductory
paper suggests to pay attention to questions and principles derived from
the responsible innovation framework in the process of designing
EVOCAs. While several articles allude to responsible innovation, only
one case-study (Nyamekye et al., 2018) explicitly considers the four
dimensions of the framework: (a) anticipation of potential con-
sequences of the innovation, (b) inclusion of all aﬀected parties and
viewpoints, (c) responsiveness to changing societal demands and con-
cerns, and (d) reﬂexivity on values and assumptions underlying design
choices.
Limited attention to anticipating negative consequences - A closer look
at the articles in this Special Issue reveals that most cases pay attention
to the ‘inclusion’ dimension in that they suggest a participatory mode of
EVOCA development (Damtew et al., 2018; Tafesse et al., 2018;
Nyamekye et al., 2018; Nyadzi et al., 2018) and/or call for strong(er)
user-orientation and feedback (Murindahabi et al., 2018; Asingizwe
et al., 2018; Munthali et al., 2018; Agyekumhene et al., 2018). How-
ever, inclusion of people does not guarantee automatically that their
relevant local knowledge and understanding are elicited and included
as well; only two out of the six cases have explicitly progressed on this
so far (Nyamekye et al., 2018; Nyadzi et al., 2018; Mutavi et al., 2018).
The other three dimensions, however, are far less consistently and ex-
plicitly addressed, even though there are several indications that this
may be important. In relation to the anticipation of negative con-
sequences, for example, it is reported in the case on tick-borne diseases
that those pastoral herders without mobile phones already suﬀer from
political and economic exclusion (Chepkwony et al., 2018; Mutavi
et al., 2018). The same case suggests that mobile communication may
have facilitated land invasions, leading to greater intensity of land-re-
lated conﬂicts. Similarly, the tailor-made service delivery case in Ghana
suggests that diﬀerences in digital literacy may aﬀect who beneﬁts from
extension messages or agricultural subsidies, and who does not. More in
general, Mann (2018) urges scholars and practitioners to think about
the future ‘political economy’ of African data. This is certainly relevant
for us, as none of the cases has so far touched upon issues of who will
control and own EVOCA data, how to avoid that external parties (e.g.
ICT companies) become the custodians of African data, or how to
safeguard privacy and prevent undesirable forms of surveillance (see
Mann, 2018; Bronson and Knezevic, 2016). In all, further eﬀort to an-
ticipate unintended consequences of our eﬀorts to develop EVOCAs is
desirable.
Some reﬂexivity with signiﬁcant blind spots - In connection with ‘re-
sponsiveness’, the water case-study signals that the time horizon of the
EVOCA project may well be too short to enable this, and that taking
user perspectives seriously may go at the cost of the whole idea of
demonstrating the usefulness of EVOCAs. This points to signiﬁcant risks
and constraints in our own institutional environment (Nyamekye et al.,
2018) that are largely ignored in other case-studies. In terms of ‘re-
ﬂexivity’, the tick-borne diseases case questions the initial assumption
on the basis of which the case-study was founded, namely the idea that
tick-borne diseases are a priority issue. Other expressions that might be
seen as evidence of reﬂexivity in our case-studies are the (self-)critical
analysis link of the relevant institutional environment in the Ethiopian
(Damtew et al., 2018; Tafesse et al., 2018) and Ghanaian (Munthali
et al., 2018) innovation systems. While the latter case-study also points
to challenges with regard to the sustainability of existing ICT platforms,
such reﬂections are still markedly absent with regard to our own in-
itiatives. Indeed, more explicit reﬂection is needed on how our in-
itiatives can become embedded in a process that transcends the
Table 3
Citizen science research stages and their speciﬁcations.
Stages of citizen science research Type Description
Stage 1. Participatory environmental monitoring
(data collection)
Top-down Survey function: state or business agents administer large-scale data collection projects, often
questionnaire-based, at times mobile-phone enhanced (e.g. survey questions sent by text message).
Form of citizen science: crowdsourcing, citizens as sensors; e.g. (Murindahabi et al., 2018).
Bottom-up Participatory monitoring: local stakeholders (farmers, cooperatives, NGOs) initiate and/or administer
data collection.
Form of citizen science: distributed intelligence, participatory science; e.g. (Nyamekye et al., 2018).
Stage 2. Data processing / interpretation (science-
based models)
Vertical Data processed by national research institutes; closed-course databases.
No citizen involvement; e.g. (Agyekumhene et al., 2018).
Horizontal Decentralized data processing; data processed and interpreted with/by the local stakeholders; open-
source, virtual data bases.
Form of citizen science: participatory science, extreme citizen science; e.g. (McCampbell et al., 2018).
Stage 3. Information dissemination (results
communication)
Generic Top-down information provisioning, usually by the extension industry or other state agency; little or no
customization.
No citizen involvement; e.g. (Munthali et al., 2018).
Context-speciﬁc Farm-level and farmer-speciﬁc advice, space for feedback loops and dialogue.
Form of citizen science: participatory science, extreme citizen-science; e.g. (Nyadzi et al., 2018).
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boundaries of four year PhD projects, and on the ownership and part-
nership arrangements needed for that.
In other contexts too, studies suggest that the underlying principles
of responsible innovation do not receive suﬃcient attention, even in
projects that espouse to such ideals (Blok and Lemmens, 2015;
Eastwood et al., 2017). In our case studies, the unbalanced attention for
relevant dimensions of responsible innovation may relate to several
factors. While the teams have been exposed to the idea of responsible
innovation, they may have lacked practical experience and guidance on
how to operationalise it in EVOCA research and design at such an early
stage in their work. In relation to this, it is relevant to point out that the
framework has so far been mostly used in relation to upstream tech-
nologies that emerge from fundamental science (e.g. biotechnology and
nanotechnology), and has not yet been translated towards novel uses or
variations of technologies that are already utilized broadly, such as
mobile ICT platforms and applications. And ﬁnally, and perhaps most
importantly for most cases, we have already signalled that the EVOCAs
under consideration still lack clarity in terms of their technical, in-
formational and social features. Discussing and anticipating the con-
sequences of something that is still somewhat vague, and also com-
posed of several non-technical components, is perhaps less easy than
initially foreseen.
In all, the challenge for the future is to translate, adapt and apply
responsible innovation principles in the next steps of designing EVOCA
platforms, and simultaneously link these to eﬀorts to foster ownership
and sustainability. Our experiences in this regard will contribute to a
broader debate on the ramiﬁcations of applying responsible innovation
frameworks across cultures and in development settings, and on the
simultaneous need to tailor the approach towards less capital intensive
and radical technologies (e.g. conventional agricultural technologies
and mobile phone applications) than those for which the framework
was developed (Macnaghten et al., 2014; Eastwood et al., 2017). Syn-
thesizing lessons on the use of the framework in our case studies may be
a contribution of the EVOCA programme to the further development of
the theory and practice of responsible innovation and research in de-
velopment settings. One practical way of advancing this could be to
design and expand the ‘informational validation experiments’ that we
called for in a previous paragraph in such a way, that they incorporate
longer time horizons and attention to variables and dimensions that
relate to equity, power, sustainability and control. In any case, parti-
cular attention will have to be paid to the possibility that the use of ICT
platforms and applications may threaten privacy, enhance the control
of international ICT companies over community data, or shift power
balances between communities and higher level authorities (Mann,
2018; Eastwood et al., 2017). Another risk that must be anticipated is
that model-based digital citizen science platforms may -through in-built
assumptions and rationales that remain implicit- promote dominant
(but questionable) directions of farm development that users are not
aware of (Leeuwis, 1993; Bronson and Knezevic, 2016).
4. Conclusion
Our interest in the potential of digital citizen science platforms
(EVOCAs) to support collaboration in the management of environ-
mental challenges was inspired in part by Ostrom’s research on com-
munity based governance of common resources. We expected that such
platforms could help operationalize several design principles and
community conditions that are known to enhance the capacity to ad-
dress environmental challenges, and which are strongly related to
communication capacity and information provision. Closer investiga-
tion of our case-studies through diagnostic studies, however, suggests
that our collective action challenges are of a more complex nature than
originally anticipated. The problems we are dealing with often cannot
be resolved within clearly demarcated communities, since there appear
too many dependencies with other communities and governance levels.
Moreover, we found that the level of agreement on goals, means and
responsibilities leaves to be desired, even in cases where there are
overlapping problem deﬁnitions and relatively low levels of uncertainty
in the system. In addition, our environmental challenges are char-
acterized by a relatively high level of stability or inﬂexibility in the
system, linked to dominant political cultures, bio-physical infra-
structures, poverty and historical path dependencies. One such path
dependency is that there is no recent history of eﬀective community-
based management of the common resource or public good on which
communities can build. The reasons for this may vary (e.g. related to
erosion of traditional authorities, increased central control, demo-
graphic changes, migration, newness of the threat or resource, etc.) but
it is in any case a relevant note, especially since Ostrom’s design prin-
ciples and community features were derived from situations where ef-
fective collective governance was indeed present. Establishing princi-
ples and conditions in situations where collective management is newly
introduced is arguably a totally diﬀerent ballgame, especially in si-
tuations with high levels of complexity. As we have seen, stakeholders
in such situations may not even realize or perceive that they are faced
with a collective action challenge and/or the idea that they depend on
each other in order to maintain a common resource, create a public
good or combat a public bad.
In view of the above, the diagnostic studies cannot conﬁrm the
plausibility of the assumptions made at the start. However, this does not
render our interest in the potential of virtual citizen science platforms
useless and trivial. First of all, we have seen that stakeholders’ aware-
ness of mutual interdependencies and the collective nature of chal-
lenges can depend critically on the available knowledge and under-
standing of the agro-ecology and technical options, which implies that
co-creation of knowledge and information remains highly relevant. In
addition, all case studies have alluded to the existence of information
gaps that can be resolved through decentralized data collection and
environmental monitoring, and there is no reason to believe that en-
hanced communication capacity and connectivity become less relevant
when the degree of complexity increases. Moreover, we have suggested
that citizen science approaches may become even more relevant in
complex settings, because they are well-positioned to fostering the kind
of adaptive and systemic learning across stakeholder communities that
is needed to address complex challenges.
In order to fully capture and assess the potential of EVOCAs, we
have suggested several directions for further action and research. We
have argued that greater precision and further validation is required
with regard to the data and information that EVOCAs are supposed to
collect and analyze in order to have societal impact, and that the use of
games and choice experiments maybe a promising strategy in this re-
gard. We have proposed a similar lab-in-the-ﬁeld approach to shed
further light on the hypothesis that ICT enhanced communication
capability and connectivity can support cooperation within commu-
nities; this as a complement to our more qualitative and in-depth
comparative case analysis. In addition, we have argued that we need to
more systematically examine local knowledge and already existing and
self-organized forms of ICT-use (instead of focusing on externally in-
troduced packages or designs), and explore conducive task divisions
between ‘old’ and ‘new’ media as components of EVOCAs. Another area
that merits further investigation hinges on the interrelations between
forms of citizen science, multi-stakeholder learning and dynamics of
trust and distrust in diverging contexts. Finally, we concluded that we
should pay more attention to several dimensions of responsible in-
novation during the EVOCA design trajectories, in order to explore
possible unintended consequences and prevent undesirable eﬀects re-
garding issues like equity, sustainability and control over data, in-
formation and development directions.
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